What was the impact of Brazil's 1998-99 currency crisis -which resulted in a change of exchange rate regime and a large real devaluation -on the occupational structure of the labor force and the distribution of incomes? Would it have been possible to predict such effects ahead of the crisis? This paper presents an integrated macro-micro model of the Brazilian economy in 1998. The model consists of an applied general equilibrium macro-econometric component, connected through a set of linkage aggregate variables to a microeconomic model of household incomes. We use this framework to predict the employment and distributional consequences of the 1999 Brazilian currency crisis, based on 1998 household survey data. We then test the predictive performance of the model, by comparing its simulated results with the actual household survey data observed in 1999. In addition to the fully integrated macromicro model, we also test the performances of the micro-econometric model on its own, and of a "representative household groups" approach. We find that the integrated macro-micro econometric model, while still inaccurate on many dimensions, can actually predict the broad pattern of the incidence of changes in household incomes across the distribution reasonably well, and much better than the alternative approaches. We conclude that further experimentation with these tools might be of considerable potential usefulness to policymakers.
Introduction
Currency and financial crises -such as those seen in Mexico in 1996, in various countries in East-Asia between 1997 and 1999 , in Russia in 1998 and in Brazil in 1999 have devastating impacts on government budgets and on private sector balance sheets alike. But that is not all: there is increasing awareness that such macroeconomic shocks do not affect all households identically. Occupational structures across the labor market respond to changed relative prices and to new expenditure aggregates. So do the distributions of earnings generated in those labor markets, and thus the distributions of household income per capita. Evidently, summary measures of poverty and inequality are therefore also affected.
There is now an established typology of the common elements preceding and causing financial crises in emerging markets.
2 There is also a growing literature documenting the impact of different crises and shocks on poverty and inequality. 3 Such detailed analysis of the actual, ex-post distributional impacts of specific macroeconomic events is extremely valuable and, in some sense, is the inevitable first step. But it does not provide much guidance to policymakers facing the likelihood of similar shocks in other economies, with different sectoral make-ups and institutions. Such a hypothetical policy-maker might like to compare the likely distributional impacts of two alternative stabilization strategies, such as a tighter monetary policy vis-à-vis a tighter fiscal policy. She might like to know whether the negative impact of a devaluation on the balance sheets of (predominantly urban) firms indebted in hard currencies might be offset by income gains in the rural tradable sector. In designing safety-nets to cope with the crisis, she might wonder which sectors would be most hurt by declines in the demand for labor, and whether they are likely to respond predominantly through lower wages, or through higher unemployment.
Much less progress has been made on understanding the actual transmission mechanisms through which aggregate shocks affect individual incomes and occupations across the economy, in a way that would help such a hypothetical policymaker. Given its general equilibrium nature, this problem has traditionally been approached through computable general equilibrium models (CGEs), where all individuals and 2 Most if not all financial crisis in emerging markets (a) occurred after significant financial liberalization under rigid exchange rate regimes; (b) were preceded by massive capital inflows that allowed the accumulation of significant unhedged foreign currency liabilities by domestic agents that became illiquid or insolvent when these capital flows suddenly reversed; and (c) tended to cause contagion and spread to other countries. The literature has also proposed interpretations of the origin and spread of the crises ranging from a "fundamentalist" view (i.e. the crises resulted from weak macroeconomic and financial fundamentals) to a "financial panic" view (i.e. the crises were selffulfilling due to investors' behavior unrelated to economic conditions. For a survey, see Pereira da Silva (2001) . 3 See, for instance, Lokshin and Ravallion (2000) on the case of Russia, and Kakwani (1998) on Thailand. Baldacci, Mello and Inchauste (2002) use cross-country analysis to show that financial crises tend to have a negative impact on the income distribution and to increase poverty. There is also comparative work on the impact of financial crises in Asia and Latin America on labor markets and household incomes, such as Fallon and Lucas (2002) . They conclude that employment fell by much less than production in crisis-hit countries, but that there were considerable changes in employment status, location and sectoral composition. They also show that cuts in real wages (due to real depreciation of the currency) were accompanied by small rises in unemployment and that families smoothed their incomes through increased participation and private transfers.
households in an economy are lumped together into a much smaller number of representative household groups (RHGs). See, e.g. Adelman and Robinson (1988) . While the literature applying CGEs to developing countries has generated a number of useful insights, its use for addressing distributional questions has been particularly problematic. In addition to the usual problems of lack of transparency and robustness (see Stern, 1989) , CGE models have suffered from the fact that changes in individual occupations and earnings can be very heterogeneous even within the sectors of economic activity and skill levels traditionally used to construct RHGs. Bourguignon, Robilliard and Robinson (2002) show, for the case of Indonesia in [1998] [1999] , that poverty and distributional effects simulated using RHGs can be very different from those effects simulated on disaggregated real households.
In this paper, we explore a promising new approach: combining a macroeconomic model based on a set of "extended IS-LM" equations, estimated econometrically on time-series data, with a simple microeconomic model of household income formation, estimated on cross-section data from a household survey. Although the approach is similar to the one proposed by Bourguignon, Robilliard and Robinson (2002) , we do not calibrate the macroeconomic model with ad-hoc parameters. Instead, we obtain as many of them as possible from macro-econometric models estimated on time-series national accounts and aggregated household survey data from Brazil, 1981 Brazil, -2000 . Second, we compare our counterfactual results for 1999 with the actual changes revealed by the 1999 household survey data, thus providing the first actual test of the performance of an integrated macro-microeconomic model against real data that we are aware of.
In fact, the paper compares three types of model predictions with the actual observed impact. Our model operates on two levels: the applied general equilibrium model of the economy on "top" and the reducedform household income determination model at the "bottom". Linking the two are some key linkage aggregated variables (LAVs), which represent the price, wage and employment vectors generated by the macro-model. The modeling framework is described in Figure 1 . We use this framework to construct three types of experiments to assess the predictive performance of each of them. The first experiment is designed to define the counterfactual income distribution that would arise from a "representative household group" approach. In order to separate errors from the RHG assumption from those arising from the macro model, we actually use the empirically observed -rather than the predicted -LAVs. Average values (for each RHG) of the empirical changes are then imputed to individual households in the 1998 dataset. In the second experiment, the same observed LAVs are used, but now the disaggregated micro model is used to impute changes to individual households. In the third experiment we combine the results of simulations using the macro model with simulations using the micro model. In a nutshell, the three experiments can be summarized as in Figure 2 . We pursue this approach, despite these serious data and methodological limitations, because of the sheer importance of the question. The ability to predict, with some amount of confidence, the direction and magnitude of the impacts of large macroeconomic events on the incomes and occupations of individuals across the income distribution would be a major asset to policy-making in a number of countries, particularly those that combine the unfortunate characteristics of being both volatile -or shockprone -and poor. While we do not believe that this paper fully achieves that objective, we hope that the comparisons of our model predictions with the real data, and our decomposition of the errors into elements due to each of the macro and micro components, may be useful to other applied researchers working on this important question.
The paper is organized as follows. Section 2 briefly describes the event that we are seeking to model: the 1998-99 currency crisis with the floating and devaluation of the Real, and the structure of the macroeconomic model used for Brazil. The procedure to generate LAVs, and the precise scenario of the currency crisis that is simulated are presented in Section 3. Section 4 describes the microeconomic model of income determination at the household level, and the results of the micro-simulation based on them.
The micro model accuracy and the simulations are presented in Section 5. Section 6 concludes.
The 1998-1999 Currency Crisis and the Macroeconomic Model
The macro model that will be outlined in this section was designed to simulate the historical scenario corresponding to the policy package implemented during 1998-1999 in Brazil. This package consisted chiefly of the abandonment of Brazil's crawling-peg exchange rate regime. During most of the first four years of the Real Plan (July 1994-January 1999), Brazil maintained a crawling-peg exchange rate regime (ERR). The crisis started around the third and fourth quarter of 1998 with pressure on the exchange rate coming from capital outflows. The pressure continued during the first quarter of 1999 after the depegging of the Real. The policy response comprised -among other less salient policies-changes in the following variables:
• The "float" of the currency on January 15, 1999 whose average annual parity with the USD goes up from R$1.161 (annual 1998 average) to one USD to R$1.816 (annual 1999 average corresponding to a 56.4% devaluation).
• A temporary rise the central bank policy rate (BACEN's Selic) during the period corresponding to October 1998 until May 1999. The monthly rate was raised from 1.47% in August 1998 up to 3.33% in March 1999 (corresponding to annualized rates of almost 50%). However, thanks to the rapid resolution of the crisis, the annual average base nominal rate in 1999 ended up actually lower than in 1998. In nominal terms, the Selic was set in 1997, 1998 and 1999 respectively at 24.8%, 28.8% and 25.6%, corresponding to real average rates respectively of 16.1%, 26.6% and 4.7%.
• A renegotiation of the terms of the stand-by-arrangement (SBA) with the IMF in order to strengthen the credibility of the policy framework; and hence a tightening in the fiscal stance corresponding to a reduction of the consolidated public sector borrowing requirements (PSBR) from BRL68 billion to BRL56 billion (7.5% of GDP down to 5.8% of GDP, i.e. a cut of BRL12 billion or 1.7% of GDP).
Other key aspects of the policy changes included the implementation of an inflation target anchor in 1999 as a replacement to the ER anchor; the provision of hedge to market participants (through the issuance of government "foreign-exchange-indexed" domestic bonds); and undisclosed occasional interventions on the spot market, drawing on international reserves, within the limits agreed upon under the new arrangement with the IMF.
Our goal is to model this event in the simplest possible way, consistent with the objective of generating linkage wage, price and employment variables which can be taken to the microeconomic simulation model on household data. On the household survey database, that model will allocate those average changes across households, with a view to predicting occupational and distributional impacts.
At the top of the framework, we begin with a conventional IS-LM macro-econometric general equilibrium model, but with a disaggregated labor market and a financial sector. The model is estimated on timeseries data and some equations are specified with a dynamic structure that allows for dynamics in the solution of the model. Most behavioral equations are estimated by OLS, some with an error-correction mechanism. Data availability issues imposed some constraints on the choices of estimators. 4 In spite of these inevitable constraints, we estimate several equations using two-stage least squares when endogeneity of the regressors was considered to be particularly likely. The parameters of the model are estimated on 1981-2000 annual data, both from the national accounts and from (a time-series of averages from) the Pesquisa Nacional por Amostra de Domicílios (PNAD) household surveys, which have been fielded annually by the Brazilian Census Bureau (IBGE) since 1976.
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The basic layout of the model is a disaggregated but still standard format, built around a core neoKeynesian framework (as in Klein-Goldberger, MPS in the US or DMS, Metric in France). See Artus, Deleau and Malgrange (1986) . 6 The functioning of these large models, albeit complex, can be reduced to the interaction of three basic modules. First, there is a real economy module, determining production, components of aggregate demand and factor demand (see below 1.2). Then, there is a wage-prices module that determines the price level and wage rates. And finally comes a financial and monetary module that determines the interest rate. Following the tradition, when prices, wages and interest rate are made endogenous, we get the standard IS-LM structure for macroeconomic models where aggregate demand and supply curves can be related to the general price level. Due to its modular structure, the macro model can function under various configurations. In the simplest case, when the goods market is completely aggregated and the financial asset market is reduced to one local currency market, we have a standard IS-LM.
The key transmission mechanism in the model between the real economy and the financial markets comes from the linkage of real private consumption and investment to the endogenous domestic interest rate, which is determined by equilibrium in the financial sector. In particular: (a) real private consumption is a standard function of disposable income, the general price index and the real deposit interest rate (to account for a "wealth" or portfolio effect); and (b) real private investment is decomposed into its building and construction versus machinery components. Both components follow a standard specification, including aggregate demand (an accelerator) and the price of capital, decomposed into the real exchange rate (given the importance of imported equipments) and the domestic working capital interest rate.
The balance of payments (BoP) is modeled in a fairly detailed way. Real services and real imports and exports of goods are disaggregated into major types of commodities and types of services. The general specification for all these items makes each of them dependent (respectively for debit and credit components) on domestic and external demand and relative prices, i.e. the real exchange rate. The current account balance is constructed by accounting identities. Capital movements follow uncovered 5 PNAD data is annual except for Census years, and a few other exceptions, such as 1994.
6 Macro-econometric models have usually an ad hoc treatment of expectations: e.g. naïve, adaptive mechanisms. They are also subject to the Lucas critique: parameters in most equations are not invariant to a change in regime.
The critique forced macro-models to give more emphasis on theory, long-run relationships, and the supply side, as well as specify and estimate dynamic adjustments more robustly. Models tried to incorporate rational expectations or model-consistent expectations to address the Lucas critique. The estimation strategy in our "top" macro model addresses only some of these issues. Attempts to construct macro-models based purely on a bottom-to-top aggregation of microeconomic behavior are underway (see Townsend and Ueda (2001) 
Factor Markets in the Real Economy model a) Aggregate Supply and Demand Modeling Strategies
The main motivation behind the break up of supply into different sectors is the ability of the model to differentiate the effects of macro and external shocks, on different types of products -and on the workers producing them. Accordingly, the supply side in the model is divided into six sectors:
For each of these sectors, production is modeled as value-added, and factor demand functions are derived from factor price equals marginal product conditions.
b) Factor markets
Factor demand functions determine demand for capital and for labor by skill-level. In order to relate the employment and earnings predictions of this level of the model to the household survey data used in the micro simulation stage, the classification of workers by skill-level had to be made in terms of observed characteristics for the individuals. We chose to define skill-level according to years of formal education as reported in the PNAD. Low-skill level workers have between zero and four years of formal education, whereas intermediate-skilled workers have between five and 11 years, and high-skilled workers have more than 11 years.
7 In most macro frameworks there are two possible exchange rate regimes. Under a fixed regime, the central bank intervenes in the foreign exchange market to maintain a fixed parity or a crawling peg path vis-à-vis a specific foreign currency target (say, the USD). Thus, the change in the demand for money by households is affected by this foreign component (an exogenous element in the supply of money). Under a flexible regime, the central bank does not intervene and the BoP equation determines the freely floating exchange rate. Hence, here, the exchange rate is determined in the BoP and the money market equilibrium is simply solved by the domestic component of supply and demand.
The demands for these different types of labor and for capital are derived by equating factor prices to the marginal products from the production functions for each of the six sectors, which are represented by a three-level nested CES. The motivation for this approach is to provide for flexibility in the rates of substitution between capital and labor, and between the different types of labor. except between high-skill and low-skill labor. The production function for each one of the six sectors can then be represented as:
where: Elasticities of substitution:
Having defined factor demand functions based on these sectoral production functions, let us turn to factor supply functions These are separately specified by skill-level (in the case of labor) and by economic sector (for both labor and capital). Labor supply is assumed to be perfectly inelastic for each skill group, and to correspond to the economically active population (PEA) in those groups.
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Factor market equilibrium conditions are obtained by simultaneously solving equation pairs
for each labor type i and sector j. In each of these pairs, the second equation is a wage curve, which relates equilibrium wage levels to skill-specific unemployment levels. This set-up generates 48 equations for 30 unknowns: 24 endogenous factor prices and six endogenous skill-specific unemployment rates. 8 We see this as a minimum requirement of a model which purports to focus on occupational and distributional consequences of shocks.
The solution to the system generates most of the linkage aggregate variables (LAVs) required for transmission to the microeconomic model. Specifically, it generates eighteen wage rates (three labor types in six sectors) and twenty-one occupation rates (six employment levels and one unemployment level for each of three types of workers). The only missing LAVs now are consumption price aggregates.
In order to obtain those, however, we need to move from the factor markets to the product markets, and then to incorporate the financial markets in order to derive an endogenous set of interest rates from the IS-LM equilibrium. The first step, as we move to the product markets, is to recognize that our modeling strategy implies that the number and definition of final demand sectors are different from those of production sectors. This creates the issue of reconciling the output and price variables in the two sides of the model, which is done through a conversion matrix.
c) Conversion Matrix
Our approach follows Fisher, Klein and Shinkai (1965) . On the one hand, the output demanded by the final demand sectors must be distributed over the production sectors; on the other hand, the prices generated by the price-formation equations in the production sectors must be aggregated to obtain prices for the final demand sectors. In our model, data are available on total output by formal production sector, coming from national accounts. In the case of informal sector, there is no readily available statistic on production. Therefore, value-added for these sectors was estimated based on reported incomes from informal workers in the household surveys. The output conversion matrix was estimated with the natural restrictions (e.g., non-tradable sectors do not export), and the resulting weights were then used to convert sector prices into GNP deflators.
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The LM curve and the Financial sector
Like employment levels and factor prices, product prices and interest rates are also endogenous in the macro model and related to the IS-LM framework, yielding an aggregate supply curve where production depends on the price level. In addition to the standard characteristics of the LM curve, we modeled a financial sector with several agents and markets, roughly following Bourguignon, Branson and de Melo (1989) . Modeling specifically a financial sector was thought to be necessary to refine the transmission of financial crises -external and domestic -to the rest of the model, in particular to the disaggregated sectoral demand for labor and the real macro variables (real private consumption and investment) by including "portfolio choices" by agents. See Pereira da Silva, Picchetti and Castro (2004) for details.
During financial crises, many traditional policy instruments lose their ability to affect the behavior of households, firms, investors and banks, both domestic and foreign. Our exercise aims at capturing some of these episodes and their characteristics 9 despite the fact that the model's simulation has an annual periodicity while most of the manifestations of these crises are infra-annual. Finally, our modeling strategy is modular, allowing the financial sector's part of the framework to be activated fully or only partially.
In particular, two domestic interest rates in local currency are endogenous in the model: the domestic deposit rate for household deposits and the domestic borrowing rate for firms (working capital interest rate). Two other interest rates are exogenous: one national (the Central Bank's policy rate, the Selic) and one foreign (a short-term Libor interest rate in US dollars). Brazil went through an abrupt change in 1999 of its exchange rate regime, from an exchange rate anchor to a floating exchange rate with inflation targeting, with a corresponding change in emphasis for the Selic. We integrated this regime change for simulations where the inflation-targeting objective prevails. Once the base policy rate is set, the structure of interest rates (domestic borrowing and deposit rates) is determined by modeling the spreads (see Favero and Giavazzi (2002), Cardoso (2002) ). Spread over the base real policy rate will determine the real deposit rate given the supply of bank deposits by households and their first layer choice between local and foreign currency. Spread over the deposit rate will determine the real working capital rate given the supply of new credit by commercial banks after their first layer choice for government domestic bonds and the demand for new credit by firms. This part of the model is important to capture the short-term effect of hikes in the country's base policy rate that can result from either (a) the need under a pegged exchange rate to defend the regime by matching the rise in the country risk premium and the expected devaluation; or (b) the need under a floating exchange rate regime with inflation targeting to establish the credibility of the anti-inflation stance of the central bank.
Estimation and Standard Results of the Macro-econometric Model
As mentioned above, the macro-econometric model comprises equations estimated by OLS on time series data
10
. The performance of the macro model (e.g., multipliers and deviations from a base casefor standard simulation exercises of fiscal and monetary shocks) is comparable to that of the macro models of developed economies (France and the US) but its investment multiplier is much weaker. These results are summarized in Table 1 . Regarding the counterfactual simulation of the 1999 currency crisis, the macro model fares reasonably well in a historical simulation mode. Table 2 below presents partial (1995) (1996) (1997) (1998) (1999) results, extracted from a dynamic historical simulation for the 1986-1999 period. The run captures the major consequences of the crisis, such as the slowdown in real private consumption, the fall in real disposable income and private investment, which explain the modest real GDP growth rate (0.8%) in 1999. The major components of the external sector balances are also reasonably well captured by the simulation. We should note that the Brazilian currency crisis is milder than the large output contraction that characterized other financial crises elsewhere, in the late 1990s. In fact, deflation and the real appreciation of the Brazilian Real (seen in the upward trend of the real exchange rate, RER_DEV) until late 1998 produced an increasing deterioration in both the trade (BOP_TB) and the current account (BOP_CA) balances. Despite a growing ratio of tax revenues to GDP (CARGA), Public Sector fiscal primary surplus as a percent of GDP (FIN_PS_PRIM_Y) was clearly insufficient until a turnaround in policy in 1999, which aimed to stabilize the Government's domestic debt to GDP ratio (FIN_CG_DBT_DOM_Y). Following the standard models on currency crises, the risk of a change in market perception of the sustainability of the pegged Real was clearly growing by end 1997-mid1998, particularly after the East Asian crises.
The macro model also depicts the 1999 financial crisis reasonably well in historical simulation mode.
Stocks, issuance and holdings of the key financial asset (Government domestic bonds, FIN_CG_DBT_DOM) increase and interest payments (FIN_PS_INTPAY_REAL) jump. The model also captures adequately the increases in domestic prices (general price index, the CPI and the WPI) brought by the pass-through effect of the depreciation of the Real that follows it floating in January 1999. The change in the exchange rate regime resulted in an average 56.4% depreciation of the average annual nominal exchange rate that translated --given the pass-though on domestic prices--into a 35% real devaluation of the index (RER_DEV). The model also captures the fall of the domestic real interest rates that accompanied the surge in domestic prices after the crisis. Finally, the model overshoots slightly its imports projection although the expected correction in both the trade and the current account balances is picked up. 
Generating the LAVs to link the macro and micro models
As indicated earlier, the factor markets module of the macroeconomic model generates 20 LAVs for occupational status (three employment levels, by sector, and one unemployment level, for five area/skill combinations), 15 LAVs for incomes (the earnings rates in each sector, in each of the five area/skill combinations). 11 In addition, there are also six LAVS for changes in the output prices of the six sectors.
There are thus 41 LAVs in total. The LAVs were generated by area (Urban and Rural); by skills: low (0-4 years of schooling); intermediate (5-11 years of schooling) and high (12 or more years of schooling); and by occupational sector (tradable, non tradable and informal). Tables 3 and 4 below show the estimates produced using the macro model runs for 1999, the actual observed at the PNAD 1998 and 1999 data, and also the errors produced by the macro model.
The storyline for the 1998-1999 crisis is well-known: the financial crisis resulted in an overall decline in urban employment across the country. Unemployment grew in both urban and rural areas, and for all skill levels, but more markedly for high-skill workers. Informality also grew, particularly in urban areas. Formal employment fell across all skill groups in urban areas, and more markedly in non-tradable sectors, as one would expect. In rural areas, however, the real currency depreciation produced a positive output response leading to an increase in employment in the tradable sectors for all skill groups. Table 3 presents the occupational structure of the Brazilian population, aggregated by these three sectors and three skill groups, for both urban and rural areas. Column (A) shows absolute numbers and proportions for 1998, and column (B) shows the same information as actually observed in 1999, and calculates the actual changes between the two years, which we sometimes refer to as the "true LAVs".
Column (C) presents the corresponding prediction results from the macro module for 1999. The entries in this column are counterfactual occupational numbers and shares, as predicted by the model, when calibrated to simulate the crisis, on the basis of 1998 data. It includes the "model LAVs", i.e. the predicted change in employment shares in each category. The last column in the table subtracts the actual LAVs (in column B) from the predicted LAVs (in column C), and thus measure the absolute errors of the macro model in predicting occupational change.
On the whole, the model gets the directions of change right: there are only four errors of direction, corresponding to 20% of the simulations. Three of these errors were in rural areas, where our overall confidence on the underlying data is lower in any case. In terms of precision, however, the macro module performs rather poorly. Ten (50%) predictions are off by five percentage points or more, in absolute terms. In relative terms, the errors are very large indeed, and on seven occasions greater than 100%, with respect to the actual changes. As in Table 3, Table 4 allows us to judge the performance of the macro model, by comparing the predicted changes in wages for each worker category (the model LAVs in column E), with the changes actually observed (the "true LAVs" in column D). Absolute errors are once again presented in column F.
Fortunately, the performance of the macro model for earnings is better than for occupations. None of the 15 counterfactual changes in earnings for household groups reported went in the opposite direction to the changes actually observed for those groups. There were, however, four significant errors in magnitude of change --more than five percentage points in magnitude--in the urban sector. The nominal monthly wages of workers with low level of skills working in the formal tradable sector were projected to grow by 13.9%: instead they grew only by 5%. For intermediate skills workers in the formal tradable sector we projected to fall by 14.0% but they fell by 4%.
For workers with high level of skills working in the formal tradable sector we projected to fall by 7.0% and they fell only by 0.7%. Finally in the rural sector for workers with intermediate and high level of skills in the formal tradable rural sector we projected to grow by 29.7% but they grew by 12.5%. The macro model tends systematically to predict larger declines in wages than the ones that workers actually got. In the rural areas, the under-prediction affects only intermediate and high-skilled workers. Nevertheless, in onethird of the cases, prediction errors were quite low in absolute terms, and less than 20% in relative terms.
Overall, while the performance of the macro model in predicting short-term changes in the occupational structure of the population between 1998 and 1999 was disappointing, the performance in terms of earnings changes was less poor. Predictions of changes in earnings which are accurate in direction and less than 20% off in magnitude may begin to be of some use for policymakers seeking to assess which groups may need in greater need of social protection during a crisis episode. Nevertheless, these are still very aggregate predictions, defined in terms of groups -such as "intermediate skill workers in the formal non-tradable sector" -which may not provide effective policy handles, say, for the design of safety nets.
This is why we combine the macro model with the micro module: in order to allocate the average changes predicted for each representative group of households to actual individuals in the household survey sample. Let us now turn to the definition of the microeconomic model.
The Microeconomic Model
The occupational responses to a devaluation such as the one we are considering may differ between men and women within the same area/skill groups, or indeed across women with different numbers of children. It may also differ across workers with the same levels of education, but different age and experience profiles. Changes in earnings might be different depending on whether the informal nontradable sector job is in manufacturing in a unionized sector or in own-account service provision in an urban slum. In order to capture some of the sources of heterogeneity across the diverse population of individuals and households lumped into these groups of agents, we estimate a simple reduced form model of household income determination, which is based on Bourguignon, Ferreira and Lustig (1998) and Ferreira and Barros (1999) . Once the model has been estimated 12 , it can be used to simulate individual and household responses to the sectoral mean changes (in employment probabilities and in earnings) predicted by the macro module, while respecting the conditional distribution of wages and employment on observed individual characteristics.
The model consists of three simple blocks. Since we are interested in a measure of welfare, the first block simply defines the household's income per capita, aggregating it across its components. The second block seeks to estimate a descriptive relationship between individual earnings and some of its observed determinants, while the third block estimates a relationship between occupational choice and some of its key correlates.
The first block, which is given by equation (6) 13 September is the reference month of the survey. 14 The corresponding g and s subscripts are dropped from the variables (w, x, and ε) in equation (7) for simplicity.
For our purposes, these regressions are interpreted merely as descriptions of multivariate correlations.
The coefficients are not interpreted causally, as they are likely to be biased both due to selectivity and to the correlation between unobserved ability and some of the regressors. The key assumption we makeand which allows the earnings equations to be used for the micro-simulations -is that any such selection and endogeneity biases are stable between 1998 and 1999.
The occupational choice model is defined in the last block. The constrained choice of occupation by the worker as a function of his household and individual characteristics is represented as:
where I is an indicator function, which takes the value one if the inequality within the bracket holds, and zero otherwise. Z is a vector of observed individual and household characteristics, and η captures 
Six such models, with identical specifications, were estimated: one for household heads, another one for spouses, and a third for other household members; separately for rural and urban areas. Each individual makes that choice according to whether the criterion within the bracket is higher for that sector than for any of the other four. The parameter vector γ is specific to each occupation and can be interpreted in two different ways: either as a vector of the marginal utilities of each characteristic in Z, in the occupation s; or as a descriptive parameter of the distribution of observed occupations, conditional on the elements of Z.
Note that the occupational choice model is written in the reduced form, i.e., it doesn't include the wage rate of individuals or family members in the vector Z of explanatory variables. Marginal effects calculated from the estimation results for all six models are reported in Annex 1.
The model (7) -(9) is estimated on household-level data from the Pesquisa Nacional por Amostra de Domicílios (PNAD), which is fielded annually (except in Census years) by the Instituto Brasileiro de Geografia e Estatística (IBGE). We use the unit-record data for the 1998 survey -which had a sample size of 88,356 households (and 333,074 individuals) -and for the 1999 survey -which had a sample size of 91,523 households (and 340,986 individuals). The PNAD is the staple household survey for analysis of the Brazilian income distribution. It is representative for both urban and rural areas in all five Brazilian geographic regions, except in the North where, for cost-related reasons, rural areas are only fielded in the State of Tocantins. Income data from the PNAD does, however, suffer from considerable measurement error. The PNAD questionnaires, although much improved during the 1990s, still contain insufficient detail on capital incomes, production for own consumption and incomes in kind. As a result, there is some evidence that some incomes are under-reported, particularly in rural areas and this problem is more severe at both tails of the distribution. 15 In what follows, we chose to include rural incomes for the sake of completeness of coverage. We urge the reader to beware, however, that the income levels reported are likely to reflect substantial measurement error. Additionally, we restrict our labor earnings estimations to the sample aged 15 to 80 years old.
After estimating the model, we use equations 7 to 9 (with the estimated coefficients reported in Annex 1, and with the individual residual terms from the estimation) and equation 6 to simulate the effects of the 1998-1999 Brazilian crises on the distribution of household per capita incomes, poverty and inequality.
We then compare the counterfactual distribution thus constructed with the original distribution taken from PNAD 1999. ( 1 1 ) Equation (10) corresponds to the first six equations of the system: one for household heads, one for spouses, and one for other household members, by rural and urban areas. Equation (11) corresponds to the remaining 15 equations: The earnings regressions were separately estimated for each group (occupational choice, skills and area). This system would be over-identified if we allowed for more than one element in each vector γ to vary. We therefore solve it for 21 unknowns, exactly: six γ 0 and 15 α terms.
The interpretation is the following. The first six equations -represented by (10) -require that the intercept term of the multinomial logit for occupation s (relative to inactivity) be such that the fraction of the overall population who belong to household group g and choose to work in occupation s be equal to the share of the population (who belong to that household group) which is predicted by the "top" macroeconomic model to be employed in occupation s, f s g . 16 The remaining equations -represented by (11) -require that the intercept term of the earnings equation estimated for household group g be such that the mean of the real wage in the counterfactual distribution be equal to the sector/group wage predicted by the factor markets module of the macroeconomic model, ω s g . The system is fully simultaneous, and it is solved numerically by the application of a Newton-Raphson algorithm, which essentially alters values of the twelve unknowns parameters progressively, so as to minimize the sum of squared differences between the left-and the right-hand sides of Equations (10) and (11). This procedure is analogous to the one used by Bourguignon, Robilliard and Robinson (2002) . Like them, we offer no formal existence or uniqueness proofs for the equilibrium of the system. Like theirs too, our algorithm does converge to a seemingly plausible equilibrium.
Once the system of equations represented by equations (10) and (11) converges to a solution, the solution values for the γ 0 and α vectors are substituted into equations (7) and (9). Equation (9) 16 One difficulty is that, whereas the macro module allows for changes in the relative skill composition of labour demand when constructing the employment LAVs, this micro-simulation does not allow for changes in the educational level of the worker. This may be economically realistic for the short term, but it implies that there are six actual unknowns for potentially eighteen exogenous variables (f s g targets). In the simulations, the adjustment occurs through the number of people left over for unemployment and inactivity from each skill category, which corresponds to a quantity closure to the labor market. 17 It is important to bear in mind that these counterfactual distributions assume that a number of features of the population and economy remained constant at their 1998 levels. The spatial, racial, gender and educational composition of the population, the distribution of non-labor incomes, and the internal composition of the households are some of these features.
Results from the complete macro-micro simulation: employment and earnings rates
The main results for the occupational simulations are presented in Table 5, Table   3 . Column (C), "1999 Simulated by the Macro-micro Model", presents the corresponding counterfactual employment numbers and LAVs predicted by the full macro-micro model. Column (D), "1999 Actual from PNAD", presents the real employment numbers from the 1999 PNAD, and the proportional changes (the "true" LAVs) with respect to the actual 1998 figures (as in column B in Table 3 ).
Column (E), "Errors of the Macro-micro Simulation", analyzes the differences between the macro-micro simulations and the actual changes, in absolute terms. We look at errors of sign in the direction of change, and at over or under-predictions above a threshold of five percentage points. Column (F), "Total Error of the Macro-micro Simulation", reports the absolute errors in worker shares, and then decomposes them between what can be attributable to prediction errors from the macro model and those coming from the micro-simulation model. Somewhat surprisingly, the performance of the integrated macro-micro model is far superior to that of the macro model alone. For occupations in the urban sector, the absolute error is less than five percentage points for all but three categories: the formal non-tradable sector for workers with low skills; the informal sector for workers with high skills and the informal sector with high skills. For occupations in the rural sector the macro-micro model also performed adequately, except for rural households in the formal non tradable sector, with workers with intermediate and high skills. Overall, out of the 20 occupational LAVs, the Macro-micro model makes six errors vis-à-vis the observed data (the "true LAVs") that are significant (hence about 30% of the results). Two were errors in direction only; one was an error of both magnitude and direction; and three were errors of magnitude only. As column (F) indicates, the bulk of these errors can be attributed to the macro part of the model. This is clearly the major obstacle for these types of procedures, but the linkage with a macro model of some sort is nevertheless essential for simulating counterfactual economy-wide policies. Still, the model seems to capture a good deal of the occupational effect of the 1999 crisis on the occupational structure in Brazil. The shock led to following key changes (change in actual observed data / change predicted by the macro-micro model):
(1) a significant increase (+13% / +13%) in unemployment in both rural and urban areas;
(2) a particularly large rise in unemployment for workers with intermediate and high skill levels in urban areas (+9.5% / +10% and +15% / +12% respectively); (3) an increase in the level of informality in both rural and urban areas (+1% / +4% and +4% / 9% respectively); (4) a growth of informality in particular in urban areas for workers with intermediate and high levels of skills (+2% / +2.5% and +2% / +9% respectively).
These four general characteristics are picked up fairly well by the macro-micro model, with the exception of an over-prediction for the increase in urban high-skill informality. Overall, it seems that the microsimulation stage of the procedure contributes to a considerable reduction in the prediction errors in occupations which plagued the macro stage, as reported in Table 3 . Table 5 suggests that the predictions of the combined model do seem to capture the main general effects of the financial crisis on the Brazilian labor market.
18 Naturally, these changes in occupational status were accompanied by changes in earnings. The Macro-micro model runs also the counterfactual simulation for earnings.
c) The main results for the counterfactual structure of earnings (Table 6) The predictive performance of the macro-micro model simulations for earnings (non-zero nominal monthly wages) is presented in Table 6 below. Nominal monthly wages (in Brazilian Reais, BRL) are presented in Columns (A), (B), (E) and (F). The actual wages for 1998 and 1999 are in Columns (A) and (E) respectively. Columns (B) and (F) list the nominal monthly wages simulated by our macro component alone, and by the full macro-micro model, respectively.
18 Whether or not we should derive much consolation from this improvement will depend on how much of it is caused simply by mechanical factors behind the convergence of the Newton-Raphson algorithm.
For Brazil as a whole, the model seems to slightly underestimate absolute earnings levels in 1999. The errors reported in Table 6 are mostly small, and driven by the urban areas, which account for 80% of the population. The model tends to systematically predict larger declines in wages than were in fact observed. In the rural areas, the under-prediction affects only intermediate and high-skilled workers. For the six basic groupings underpinning Table 6 (the three skill levels in urban and rural areas), the model predictions really missed the target in only 5 out of 15 LAVs, leaving a record of about 66% success.
Overall, the macro-micro model can also be said to capture a great deal of the actually observed changes in earnings in Brazil, from 1998 to 1999. The shock led to following key changes. We present below the percentage change in actual observed data and in parentheses the percentage change predicted by the macro-micro model:
(1) Mean earnings fell for all three urban categories of workers; by -0.49% (+0.33%) for workers with low skill level; by -2.18% (-4.88%) for workers with intermediate skill level; by -4.03% (-6.01%) for workers with high skill level;
(2) The picture is more mixed in rural areas. There, the only winners among low-skilled workers were those employed in the formal non-tradable and the informal sectors (and this is well predicted by the model). The main losers (-3.89%) among intermediate and high skilled workers were those in the formal tradable sector (and this is over-predicted by the model, -7.98%). The main winners (+12.51%) among intermediate and high skilled workers were those in the formal tradable sector (and this is over-predicted by the model, 29.66%). 
Results from the macro-micro model: household incomes from three "experiments"
Having thus described the results of the full macro-micro simulation in terms of group means for occupation and earnings rates, we now turn to the natural next step, which is to look at the predicted impacts on the disaggregated distribution of household income per capita. After all, had one been interested only in the changes in mean earnings for workers in each of those area / skill / sector groupings, the applied macroeconomic model might have sufficed. The whole point of integrating it with a micro-simulation module is to be able to better account for heterogeneities within those groups.
In this section, we present the disaggregated simulation results for household incomes, and compare them with the actual observed changes. In fact, in order to compare the performance of the fully integrated macro-micro model with alternative modeling strategies, we actually conduct three experiments. In the first experiment (Experiment 1), we mimic a "traditional" representative household group approach: the average effects of the 1999 shock are applied uniformly to all individuals belonging to the same representative group of households (RHG). However, instead of using the macro model's simulated results, we use the changes actually observed (the "true LAVs" from Tables 3 and 4 In the second experiment (Experiment 2), we still use the observed changes in earnings and employment levels (the "true LAVs") but now, instead of imputing the LAVs uniformly to all members of a household group, we allow the microeconomic model to allocate them, by finding the solution to system (10)-(11).
This takes heterogeneity in personal characteristics -observed and unobserved -into account. This second experiment corresponds to a pure simulation using the micro-simulation model. The micro model runs so that its average results for each RHG converge to the actual observed average income and employment change of the economy's RHGs. This experiment tests the predictive capability of the microsimulation model. Experiment 1, but not as well as Experiment 2. Since Experiment 2 was conducted using "true LAVs", its errors -i.e. the differences between its incidence curve and the thick line for the actual changes in
Figures 5-7 -are due entirely to prediction errors from the micro-simulation model. The additional distance between the incidence curves from Experiments 3 and 2 correspond to additional errors arising from the macro module.
The important overall message we take away from Figure 7 -which in a sense graphically summarizes the main results of the paper -is that, while integrated macro-micro models like ours are not capable of perfectly predicting the incidence profile of a macroeconomic phenomenon such as the 1999 Brazilian currency crisis, nevertheless they perform reasonably well in predicting the direction of changes in earnings, and the broad pattern of their incidence along the income distribution. In particular, they perform much better than standard RHG approaches, even when macro errors in RHG approaches are eliminated (as they were here by the use of true LAVs for Experiment 1). All three incidence curves drawn on figures 5, 6 and 7 are derived from household survey data, one way or another. The line for actual changes is simply a line of differences between centile means across two surveys. The other three lines are predictions obtained by adding different amounts of income to those same means. In any case, these curves are clearly graphical representation of collections of sample statistics and, therefore, differences across them contain, in addition to modeling (prediction) errors, an element of sampling error. Strictly speaking, therefore, our preceding statements about differences should be subject to statistical tests for significance. The simplest suitable test is the paired t test. In our exercise we have the same variable (income) measured under different ways on the same condition. Assuming that the incomes were generated from the same random sample it is easy to test the means. Treating the difference of the two variables as a random sample from a normal distribution the test is given by: The interpretation of these test results is that, while the differences between the RHG simulations and the actual changes were too large to be due simply to sampling errors, the differences between the predictions from other two experiments and reality were small enough that they might be due simply to sampling error. Broadly similar results were also found using two alternative test formulations: the Welch test for samples from two different population distributions, and the Smirnov-Kolmogorov non-parametric test for distributional differences. In all three cases, the p-values for the null hypothesis under experiments 2 and 3 were higher than under experiment 1.
Concluding Remarks
In this paper we outlined an integrated macro-micro model of the Brazilian economy, intended to investigate the link between macroeconomic shocks and the distributions of employment, earnings and household incomes. The approach was to estimate a macro-econometric model on time-series data, and a micro-econometric model on household-level cross-section data. The macroeconomic model generates three sets of linkage aggregate variables (LAVs): employment and unemployment levels per household group and sector, wage levels per household group and sector, and consumer price levels per sector.
These linkage variables are then used to recalibrate parameters in the earnings and occupational models at the microeconomic level, and thus to simulate changes in the distribution of earnings and incomes at the household level.
This approach, adapted from Bourguignon, Robilliard and Robinson (2002) , was applied to an investigation of the employment, earnings and income distribution effects of the 1998/99 devaluation of the Brazilian Real. Unlike previous studies that we are aware of, we took advantage of the benefit of hindsight, and compared the counterfactual distributions generated by our model for 1999 with the distributions actually observed in 1999.
The shock observed -together with the standard policy response of tightening both the monetary and fiscal stances to ensure price stability after a the currency floated -was expected to be rather negative.
However, the massive devaluation in Brazil (nominal 56%) did not result -as it did in East Asia -in a collapse of the financial sector with devastating effects on the credit market and eventually on the real economy 19 . Increases in poverty were correspondingly smaller in Brazil than in Indonesia, Thailand or, for that matter, Argentina. Nevertheless, real incomes fell across the entire distribution, and aggregated poverty measures rose accordingly. The headcount index rose from 28.1% to 29.2%. Since income falls were largest for the richest households, inequality fell for most commonly used measures. The Gini coefficient fell from 0.593 to 0.587.
The main effect on the distribution of occupations was a substantial increase in unemployment levels across the board, but predominantly in urban areas, and for more skilled workers. In urban areas, the informal sector registered small increases in employment (+3.5%), whereas the formal sector retrenched by 0.5% -1%, regardless of skill level or the tradable nature of the goods. In rural areas, the picture is mixed. There was a pronounced move from employment in the informal and formal non-tradable sectors, toward the formal tradable sector (the sector that benefited from the real devaluation). The actual effects on the distribution of earnings were also reasonably muted, at least in urban areas. Real wages fell for most groups, but rose substantially for workers in the rural non-tradable sector. Household incomes fell across the distribution, but less so for the poor than for the rich. The changes were thus generally equalizing, in the sense that skilled workers had greater declines than those with fewer years of schooling.
The predictive performance of the macro-micro model was uneven. Comparing occupational and earnings predictions from the macro-model alone with the observed changes (aggregated from the observed 1999 PNAD for the same household groups) yielded at best a mixed picture. As we saw in Section 3, the model made a number of mistakes even in the direction of employment changes, and the magnitude of the errors was generally large. The performance for the earnings LAVs was better, but not stellar. In this case, at least, there were no errors of direction, and only about one-third of predictions were off by 5 percentage points or more.
When the macro and micro modules were combined, however, so that the linkage aggregate variable predictions were not uniformly attributed to households in the corresponding groups, but instead allocated in ways that respected the correlations present in the household data, performance improved quite substantively. In Section 5, we saw that errors in occupational predictions were smaller for the macromicro model than they had been for the macro model alone. The same pattern held for earnings. Indeed, looking at the distribution of incomes in a truly disaggregated manner, as we did in Section 6, reveals a rather less damning verdict on the macro-micro modeling exercise. While the integrated model failed to replicate the incidence of changes in incomes along the distribution perfectly, it did get both the direction and the basic pattern of incidence right. In fact, its prediction errors were statistically indistinguishable from the sampling errors inherent in comparing two separate PNAD samples (1998 and 1999) .
Importantly, the integrated model performed much better than the simple representative household groups approach would have, even under the assumption that the latter would get all the macro changes exactly right.
All in all, we definitely do not claim that this approach has delivered the ability to predict the distributional outcomes of macroeconomic shocks or policy packages with anything near perfect accuracy. We also recognize that both the macro and the micro modeling are data and computation intensive, and that large macro-econometric models are not the most elegant tools in the professional toolkit. Nevertheless, we do find evidence that the integrated approach delivers a capacity to predict the distributional impacts of a macroeconomic shock in a manner that is both broadly acceptable and considerably superior to existing alternative approaches, such as the representative household groups approach. 
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